The most recent results of the top-quark mass measurements at the Tevatron at Fermilab are presented. Data were collected in proton-antiproton collisions at √ s = 1.96 TeV by the CDF and D0 experiments. Top quark mass measurements in the lepton+jets, dilepton and alljet final states as well as their combination and the extraction of the mass from the crosssection measurement are presented. PRESENTED AT 9
Introduction
The top quark was discovered in 1995 at the Tevatron at Fermilab [1, 2] . It is the heaviest fundamental particle and has a short lifetime, decaying before hadronization can take place. The top quark thus plays a crucial role in studying a bare quark. In addition, its large Yukawa coupling implies that the top quark may play a crucial role in electroweak symmetry breaking.
The mass of the top quark (m t ) is a fundamental parameter of the standard model (SM) of particle physics. Loop-corrections to the Higgs boson mass connect the top quark mass, the W boson mass and the Higgs boson mass. A precise measurement of the top quark mass also determines whether the electroweak vacuum is unstable, metastable, or stable [3] .
The top quark mass measurements presented here are based on a dataset of approximately 10 fb −1 , collected in Run II (2001 to 2011) at the Tevatron protonantiproton collider at a center-of-mass energy of √ s = 1.96 TeV. The top quark decays into a W boson and a b-quark almost 100% of the time, and the top-quark pair final state is characterized by the decays of the two W bosons into the lepton+jets, dilepton, and all-jets final state.
Two different top-quark mass measurements are presented: An extraction of the MC mass from the reconstruction of the top quark final state decay products, and an extraction of the pole mass from a measurement of the top quark pair production differential cross-section. The top quark mass measurements at the Tevatron have large systematic uncertainties from both theoretical modeling and experimental sources. For the MC mass measurement, the dominant source of systematic uncertainty is the jet energy scale (JES), which is constrained in the fit to data in some of the measurements. In addition, the measured mass relies on the implementation
Top Quark MC Mass Measurements
The two most common techniques for measuring the mass of the top quark are the template method and the matrix element method. The template method interprets the distributions of a set of variables that are sensitive to the top quark mass as probability densities. The matrix element (ME) technique explores the final-state topology of each event by calculating the probability of each event being signal for a given top quark mass hypothesis.
Lepton+jets
The final top quark mass measurement in the lepton+jets final state by the D0 experiment [4, 5] utilizes the ME method. Systematic uncertainties are reduced in the measurement through an updated detector calibration, in particular improvements to the JES corrections for b-quark jets [6] . The jet energy scale factor is determined in situ in the fit to data. The top quark mass is measured with a precision of 0.43%, m t = 174.98 ± 0.58 (stat+JES) ±0.49 (syst) GeV. The largest sources of systematic uncertainty are the signal modeling and the residual JES, which account for 0.3 GeV and 0.21 GeV, respectively.
All-jets
The measurement in the all-jets final state by the CDF experiment [7] uses the template method wit the full Run II dataset of 9.3 fb −1 . The event selection maximizes the signal fraction through the use of a neural network that is based on 13 kinematic variables. The decay products of the two top quarks and the two W bosons are reconstructed in a constrained kinematic fit. The top quark mass is obtained together with the jet energy scale factor with an unbinned likelihood technique. The top quark mass is measured with 1.1% precision, m t = 175.07±1.19 (stat)
The CDF measurement of the top quark mass in the / E T plus jets final state is sensitive to top decays where one or more of the W boson decay products is not reconstructed, including τ lepton decays [8] . Events are required to have large / E T and between four and six jets, vetoing events with identified leptons. Similar to the all-jets analysis, the top quark mass is obtained from a fit to the reconstructed mass of the two top quarks and of the hadronically decaying W boson. The top quark mass is measured with 1.1% precision, m t = 173.93 ± 1.64 (stat+JES) ±0.87 (syst) GeV. The largest sources of systematic uncertainty are from the residual JES and the signal modeling, each about 0.4 GeV.
Dilepton
The measurement in the dilepton final state by the D0 experiment uses two methods to improve the sensitivity of the measurement to the mass value. The first method uses the neutrino weighting technique [9] . For each event, a weight distribution as a function of the hypothetical top quark mass is obtained by integrating over the possible momenta for the two neutrinos, using the constraints from the top quark and W boson masses. The mass is obtained from the width and mean of this weight distribution. The second method uses the matrix element technique [10] . The impact of the JES is reduced by propagating the the JES scale factor from the lepton+jets measurement [5] to both of these analyses. The results are then combined [11] . The top quark mass is measured with 0.9% precision, m t = 173.50 ± 1.31 (stat) ±0.84 (syst) GeV. The dominant uncertainty is from the jet energy scale.
The CDF measurement in the dilepton final state uses a hybrid method in order to reduce the impact of the JES uncertainty [12] . The observable used in the template fit is a weighted average of two different mass estimators that have different sensitivity to the JES. The top quark mass is measured with 1.9% precision, m t = 171.5 ± 1.9 (stat) ±2.5 (syst) GeV. The dominant uncertainty is from the jet energy scale.
Tevatron combination
The results described above and other measurements of the top quark mass at the Tevatron were combined in July 2016 [13] . A summary of the input measurements and the Tevatron combination is shown in Figure 1 . The top quark mass is measured with 0.37% precision, m t = 174.34 ± 0.37 (stat) ±0.52 (syst) GeV. 
Top pole mass extraction
The top quark pole mass is extracted from the total production cross-section [14] and from the differential cross-section [15] . The experimental measurements are compared to predictions at next-to-next-to leading order (NNLO) [16] . The top-quark pole mass is measured with 1.5% precision, m t = 169.1 ± 2.5 GeV. The dominant uncertainty is from the experimental determination of the differential distribution. 
Conclusions
Measurements of the top quark mass by the CDF and D0 experiments with the full Run II dataset have been performed in top quark production and decay. These are among the worlds most precise measurements.
